Historical Monitoring Initiatives and Gaps in Knowledge
The protection of Doñana was originally promoted by José Antonio Valverde ( Fig. 28. 2), who faced many challenges and threats before the administration finally declared Doñana a National Park (DNP) in 1969, making it the largest protected area in Spain. Just 6 years previously, J.A. Valverde had already preserved Doñana Biological Reserve (DBR), a 6794 ha plot inside the current National Park (see Fig. 28 .1), with the essential help of the World Wildlife Fund. At the same time, he created the Doñana Biological Station (DBS), a specific research centre belonging to the Spanish Research Council (CSIC). Thus, since the very beginning, Valverde, as the first DNP manager and DBS director, firmly linked conservation to research.
Initially, DBS scientific research focused on conservation biology, and especially on threatened species and management benefits. In subsequent years, DBS became a leading research centre on biological conservation topics. From the outset, Valverde passionately promoted the systematic collection of data on relevant conservation variables, such as Iberian lynx population size and distribution, bird banding and band readings or cork oak inventory and marking (Solís 1996) . As a consequence, local staff working at DBR began to focus systematically on understanding the most relevant species present in DNP, with staff and visitors keeping field diaries to record both occasional events and daily field work either inside Doñana or even overseas (Valverde led many exploratory campaigns in different continents). Also, during that period, monthly aerial waterfowl censuses were introduced to record habitat selection and migratory trends of the most abundant aquatic birds in Doñana marshlands. These, in fact, were the first attempts to establish periodical monitoring activities as the basis for research and management of Doñana's fauna and flora.
In the period from 1970 to 1990, many management decisions for DNP were based on information from field diaries, aerial census reports and assessments. Systematically collected data derived from these research activities have since contributed to publications in international scientific journals (Almaraz and Amat 2004a, b; Rendon et al. 2008) .
Despite the obvious interest in, and effort invested in collecting, long-term datasets, these mostly focused on the abundance and occurrence of birds.
It was only in the 1980s that Doñana National Park began focusing more on ecological, limnological, hydrological or ethological issues (García Novo and Marín Cabrera 2005) . After the eminent Spanish ecologist Ramón Margalef had described the planktonic community of Doñana lagoons (Margalef 1976) , other taxa and natural processes came to be accepted as relevant conservation issues for Doñana.
However, even at the end of the last century, there were still gaps in our knowledge, both from a research and monitoring perspective, particularly relating to topics such as plant physiology, ecophysiology, plant ecology, landscape ecology, land The Framework for an Integrated Monitoring Programme: Policy and Opportunity Vaughan et al. (2001) defined integrated monitoring as monitoring that uses detailed sets of ecological information, unlike simple monitoring, survey monitoring and proxy monitoring. Although many of the periodical surveys carried out at Doñana acquired relevant data on population condition and breeding success, by the end of the 1990s, the need for an integrated program of long-term ecological monitoring was evident. Therefore, in 2001, a meeting held among DBS and DNP heads led to the proposal for a joint project to set up the integrated ecological longterm monitoring of DNP. Representatives from both institutions (CSIC-DBS and Spanish National Parks Network) agreed on the main features to be monitored according to conservation priorities. The main goal was to achieve long-term knowledge on the dynamics of Doñana natural processes and the conservation management effects on its biodiversity. The conceptual approach focused on monitoring the following features: species, habitats and ecological processes. The species level monitoring focused on the endangered and threatened species, while the foci habitats were mostly the representative and under-represented ones. Finally, the ecological processes did not only include the natural processes interlinking ecosystem functioning and structure but also the human driven impacts (resulting from management decisions -including the conservation measures). Thus, the joint project, entitled "Design and refinement of the integrated programme for monitoring natural processes and resources in Doñana National Park", was initiated in 2002 and devoted 3 years of research to the validation of monitoring protocols and the conceptual model of long-term ecological monitoring. The specific goals of the project were:
1. To achieve an exhaustive bibliographical review of available, up-to-date and standard protocols for the selected features to be monitored. 2. To designate scientific supervisors with recognised expertise in the ecological monitoring targets. 3. To propose feasible monitoring protocols and test their validity and adequacy for monitoring the proposed targets. 4. Final adoption/rejection of the tested methodological protocols and the features proposed for monitoring.
Originally, both institutions agreed on a number of proposed features for monitoring (Tables 28.1 and 28 .2). The conceptual approach led to addressing the features under three main monitoring themes and 11 monitoring targets. In addition to flora, fauna, management and geophysical monitoring, a landscape scale monitoring approach was proposed to monitor broad-scale processes in the DNP and in its surroundings (unprotected area, see Fig. 28 .1). The rationale behind this relies on the need for understanding underlying ecological processes such as connectivity, fragmentation or habitat loss at the landscape scale.
Thus, the main purpose of the programme was to assess individual features using a set of proposed indicators, usually relevant informative variables such as relative and absolute abundance, species distribution, species richness and life condition.
Programme Implementation: Protocol Validation and Arising Issues
A thorough bibliographical review revealed a complete set of available methods for Doñana features (at least suitable after minor modifications). Most reference sources were supplied by the UK Environmental Change Network (http://www.ecn. ac.uk/), US National Park Service (http://www.nps.gov/), Environment Canada (http://www.ec.gc.ca/) and the Europarc handbook (Atauri et al. 2005) , reference guidelines and books as well as scientific papers. During the period 2002-2005, the guidelines of the joint project were to test the validity of the programme. Every feature was then assigned to at least one methodological protocol consisting of:
The rationale behind the need for feature monitoring (narrative) • Specific objectives • State indicators • Location of sampling sites on the study area, minimum sampling unit and mini-• mum required sampling frequency Material and staff needed (Standard Operation Procedures according to Oakley • et al. 2003) Validation mainly consisted of evaluating (through the preliminary monitoring results from the first phase (2002) (2003) (2004) (2005) of the indicators' suitability) the protocols' feasibility and statistical reliability and the actual relevance of proposed features to be monitored. During this period it became evident which features had been improperly approached, either by using an unsuitable spatial scale, by using unfeasible sampling frequencies or by using inappropriate sampling methods. Often, accessibility was the critical factor to overcome in order to ensure continuous monitoring: for example, to reach the most remote areas inside DNP, trail and track networks often cross deep sand banks, mud covered areas and deep water pools, implying long and harsh journeys to reach monitoring plots and the waste of a full day of labour.
The monitoring protocol for juniper (Juniperus phoenicea ssp. turbinata) woodlands provides an example of how we carried out the validation. The original proposal for this habitat, which is characteristic of top-stabilized coastal sand dunes, was to carry out monitoring every 5 years. However, data gathered during the first 3 years stressed the need for a higher sampling frequency to properly record the disturbance effects on the demographic dynamics of this xeric plant community. Many other features were also subjected to a change of sampling frequency and sample size. Other features originally planned as landscape scale projects, such as monitoring of erosion of the Guadalquivir river bank, had to be reassessed due to the inability of automatic remote sensing or digital aerial photograph analysis to easily delineate changes on the river shoreline. Finally, certain standard protocols, in particular those using trapping nets, had to be refined according to the behavioural traits of specific species, e.g. for monitoring the population and abundance of aquatic macroinvertebrates.
After the validation exercise, a further set of monitoring activities were proposed for features not originally considered, such as monitoring phenology, or plant physiology: this is an ongoing process. However, among the leading monitoring institutions there is an implicit awareness of constraining the relevant features to be monitored, based mainly on available funding and resources. From the outset, the responsibility for implementing the long-term ecological monitoring programme in Doñana was assigned to five managers -one for each work area, i.e. landscape scale (which included vegetation dynamics and geomorphological monitoring), amphibians and reptiles, limnology, birds and mammals. In developing the programme, each of these managers had to employ 12 staff members, most of whom were assigned for birds monitoring. During this process, we ran specific training courses for the Doñana monitoring team (ESPN) to facilitate participation, motivation and increase basic monitoring skills. One of the first courses introduced the practical use of GPS and Personal Digital Assistant (PDA) devices. Other courses addressed the identification of Doñana's flora (both aquatic and terrestrial), driving in harsh conditions and health & safety criteria. Two recent courses have provided the monitoring staff with an introduction to data representation standards (map visualisation of sampling units and variables) and on simple guidelines for reporting results (charts, graphs and tables). A short introduction was also provided on the use of Cybertracker software for data collection through PDAs in the field (see below).
Nowadays, the monitoring programme relies on 15 staff members, ten of whom occupy permanent positions funded by CSIC (Fig. 28.3) . However, the programme aims to increase the number of permanent positions in order to achieve the long term monitoring objectives. DBR also runs a volunteer programme that often benefits the monitoring team. Skilled volunteers are periodically recruited to help staff members in baseline monitoring activities, though always after training and under strict staff supervision. This help is gratefully received.
Critically, after a favourable hearing from the Spanish Constitutional Court in 2005, full environmental competences were transferred from the central administration to autonomic governments and, in 2008, the responsibility for DNP management was transferred to the Andalusian regional government. Under this new regime, Doñana Natural Park, (a protected area of 55,300 ha managed by the Andalusian administration that forms a buffer around DNP) was merged for monitoring purposes with DNP. This new and expanded protected area, named Doñana Natural Space (DNS), is now the target area for the monitoring programme, with 333 28 An Integrated Monitoring Programme for Doñana Natural Space major implications for most of the monitoring activities. As a consequence, we have had to enlarge sampling areas, and reduce both the sampling effort and the number of sampling locations inside DNP to achieve the integration. Today, this remains the most pressing challenge for the implementation phase of the DNS monitoring programme.
Automatic Monitoring and Data-Quality Assessment: Enhancing the Programme
As a consequence of the issues outlined above, we identified the need for automatic procedures to make the monitoring programme cost-effective. Concerns about data quality assessment and metadata management were already evident. Both issues were addressed by different opportune solutions.
The first issue was resolved by Cybertracker: free software (http://www.cybertracker.org/) that uses PDA devices to digitally record any type of observation in the field. It was originally conceived as a tool to improve environmental monitoring by increasing the efficiency of data collection and observer reliability (see Chapter 32 for more information). Since the Doñana monitoring programme began using it there have been two major efficiencies achieved by the combined use of PDAs and Cybertracker software: firstly by avoiding the loss of required data, i.e. occasionally required records were just skipped or ignored on site; and secondly by reducing the time needed to digitally archive data by rapid synchronization to the database. However, efficient sequential procedures have to be designed prior to on-site application, and this requires advanced skills in Cybertracker database management.
The second issue was resolved by the recognition of DBR as a Scientific and Technological Singular Infrastructure (ICTS) by the Spanish Ministry of Science and Innovation. Under the Spanish Research Framework Programme, projects of this type qualify for the award of an initial budget to enhance services from such infrastructures to the scientific and technological communities. DBR started to improve the infrastructure by setting up a wireless communication network inside DBR, this was essential and allowed us to install a real-time network of probes, sensors and devices to cover the gaps that we had identified in the monitoring programme. Up to 1 M€ was allocated to monitor new features such as soil, below-ground water content and temperature, water quality monitoring, tropospheric O 3 , CO 2 or enhancing sensor networks such as the meteorological network. ICTS is also providing support for integrating the wireless network with other sensors working in Doñana, sensors that were established a long time ago like the piezometer gauges or hydrological stations. Besides the integrative role played by ICTS for long term ecological monitoring in Doñana, the implementation programme also provides an opportunity for European scientists to apply for short-term prospective projects to be carried out in DNS. Such projects may be proposed under a specific call for projects open twice per year, covering travelling expenses and accommodation. Many of the current ongoing research projects are tightly linked to features already being monitored by enhancing scientific research on global change effects on the Doñana biota.
Interestingly, these solutions have combined to advantage the whole programme, notably through the development of a wireless protocol to easily transfer data gathered in the field (by means of PDA devices) to the central database at the moment of data collection (see Chapter 32). We expect innovative synergies like these to increase the cost-effectiveness of the monitoring programme.
Data Access and Publishing
Since the outset, one of the premises of the monitoring programme was to make the resulting data publicly available. The only restrictions would apply for conservation purposes, such as locating nesting sites of endangered birds for instance. This mandatory premise has been accomplished by producing reports in which results are presented in tables that are updated annually. Moreover, these reports provide concise interpretations according to the latest observed trends. DNP managers are therefore provided with an annual update on every feature being monitored. However, it is also essential to allow data access through a web page, and over the first 5 years, the ESPN developed a web portal for accessing data results, protocol documentation, annual reports and many other relevant documents at: http://www-rbd. ebd.csic.es/Seguimiento/seguimiento.htm. This web page, which is still online at the time of writing, is being transferred progressively to the new ICTS website (http://icts.ebd.csic.es) where results and protocols from manually monitored features are merged in the same database with the results from the automatic procedures. The final web portal will soon allow any visitor to query the central database on results from both approaches (automatic and manual) providing quick insights on trends and the relationship between different indicators.
Success Stories on Data Use for Research and Management
The main overarching goal of the monitoring programme is to provide baseline information on long-term trends and changes of the monitored features. Accordingly, historical data might be used to set up robust criteria for effective conservation management.
Since 2005, the Doñana management board has considered monitoring results as valid criteria for informing management decisions. The use of baseline trends of ecological indicators in the decision-making process is considered a practical realisation of the monitoring programme's usefulness and success. Early warning monitoring for toxic algal blooms is one such success story. Fully implemented in 2006, the protocol activates a set of management decisions when the indicators reach a standard threshold. Outbreaks of toxic cyanobacteria blooms have occurred periodically in Doñana marshlands causing the poisoning and death of hundreds of different species. During the last 2 years, episodic events have been successfully managed, reducing dramatically the number of affected birds.
On the other hand, monitoring a cork oak (Quercus suber) population (named "La Pajarera") that is more than 200 years old, where up to 14,000 pairs of herons and storks nest every year causing tree decay, has provided evidence of the need for preventing the depletion of the acorn and seedlings bank by wild herbivores. With a mortality rate of 1.96 individuals per year in the last 43 years, the "Pajarera" site has only recruited 72 individuals by planting and none through natural regeneration. Intensive acorn predation occurs during fruiting season by fallow deer (Dama dama), wild boar (Sus scrofa) and red deer (Cervus elaphus). In 2005, an expert panel proposed a long term restoration programme for this site consisting of several actions, including an experimental design of exclosure fences for testing grazing effects and granting tree recruitment.
Donana LTSER Platform in the ILTER and LTER Europe Networks
In 2006, DBS joined the European Network of Excellence named ALTERNet (A Long-Term Biodiversity, Ecosystem and Awareness Research Network). ALTER Net aims to establish a lasting infrastructure for integrated ecosystem research.
This combines ecological and socio-economic approaches, with emphasis on communication with the relevant audiences focusing on the CBD (Convention on Biological Diversity) target of attaining a significant reduction of the current rate of biodiversity loss by 2010. Many of the partner research institutions also participated in the ILTER network (International Long-Term Ecological Research Network) and its regional section of LTER-Europe. During the project development, the LTER-Europe constitution in 2007 proposed the first nine LTSER (Long-Term Socio-Ecological Research) pilot platforms based on selected criteria. The Doñana LTSER platform emerged from this process as a relevant place to investigate socio-economic drivers and pressures on biodiversity following the DPSIR framework (Bugmann and Solomon 2000; Parr et al. 2003; Gobin et al. 2004; Nikolaou et al. 2004) . The Doñana LTSER platform includes DNS and the immediate surrounding area, conforming to Doñana County (see Fig. 28 .1), in order to assess the effects of human drivers and pressures on biodiversity. The Doñana LTSER platform has started to contribute by developing the socio-ecological long-term research and implementing the DPSIR framework (Haberl et al. 2006) . Doñana, together with two other LTSER platforms (Pleine-Fougères in Brittany and Islands of Breila in Romania) have recently reported on an early assessment of EU regulations (Common Agricultural Policy) of unexpected effects on local biodiversity (unpublished ALTERNet Report). The Doñana LTSER platform has also successfully collaborated in the proposal of a conceptual socioecological model for LTSER platforms (Haberl et al. 2009 ) that will soon be implemented and tested. Both experiences are helping in spreading the LTSER concepts. Since then, DBS has played a major role in setting up the LTER process in Spain. Thus, LTER-Spain was formally accepted as an ILTER and LTEREurope member in 22nd August 2008. It currently comprises 10 sites, including the Doñana LTSER platform. These sites represent the main ecosystems present in the Iberian Peninsula. LTER-Spain has agreed on the minimum common ecological parameters to be monitored by every LTER-site of the network. These parameters cover abiotic variables, primary producers, consumers and other relevant parameters. To date, meteorological variables are the most widely monitored at every LTER-Spain site, closely followed by forestry parameters, birds, invertebrates, soil characteristics, atmospheric deposition, phenology and water body characteristics.
